Introduction
Chronic obstruction pulmonary disease (COPD) is defined as progressive airways obstruction characterized by physical reconditioning and intolerance of exercise. 1, 2 Although there are a variety of drugs which can reduce the symptoms of COPD, there is still no treatment which can restore pulmonary function to a normal predisease status. Therefore, pulmonary rehabilitation has become an important scientifically-based treatment option for maintenance of optimal daily functioning and health-related quality of life. Pulmonary rehabilitation has been shown to improve both exercise tolerance and health status in patients with COPD. 3 Physical exercise, specifically respiratory muscle training, is a useful nonpharmacological therapy. Although regular exercise has been shown to reduce the most disabling symptoms experienced by patients with COPD, 4 the benefits of exercise diminish over time if regular exercise is not maintained. 5, 6 Clearly, the long-term effectiveness of an exercise intervention requires adherence on the part of the patient, which tends to be poor in those with COPD. 7 Development of shortness of breath on exercise may add to the difficulty experienced by some individuals in terms of self-regulatory efficacy for exercise, and affect their ability to adhere to an exercise program. Exercise intervention programs in patients with COPD need tailoring on an individualized basis to improve the likelihood of consistent participation. In a previous pilot study, patients expressed a wish for greater convenience in recording their daily exercise. 8 Regular supervision of exercise sessions is necessary to achieve optimal physiologic benefits. Strategies to improve adherence with exercise include praise for accomplishment, skills training, monitoring of the patient's ability to perform exercise, and maintaining regular contact for questions, support, and problem-solving. 9 Home-based rehabilitation for COPD has been shown to be an effective alternative to pulmonary rehabilitation on an outpatient basis. 10 Offering different pulmonary rehabilitation settings tailored to individual needs should improve accessibility and uptake of this intervention. 10 Pulmonary rehabilitation in COPD requires an exercise intervention that is feasible, acceptable, and effective in a variety of settings. In contrast with conventional facility-based pulmonary rehabilitation, home-based exercise programs for patients with COPD can be effective in achieving a reduction in dyspnea and increasing exercise tolerance. [11] [12] [13] [14] Although computer-based programs have diverse applications in health promotion and disease prevention, there is a dearth of literature on the use of Internet technology for home-based management of patients with chronic respiratory disease, 15, 16 and no published studies could be found that incorporated Internet-based rehabilitation programs. This paper describes the effectiveness of an animated diagram and video-guided online rehabilitation program in patients with stable COPD.
Jiangsu Province is the fourth most wealthy area of the People's Republic of China, and most of its residents own computers and have access to the Internet. However, due to rapid economic growth, air pollution is becoming an increasingly serious problem, and the prevalence of COPD is increasing. Therefore, medical research should focus on techniques that are Internet-based.
Materials and methods Patients
An online breathing program for patients with dyspnea was incorporated into the health education program for COPD provided by nurses at the Respiratory Department of No 1 Yancheng Hospital. The patients were recruited for this study on a volunteer basis. Patients were eligible for inclusion if: they had been diagnosed with COPD according to the 2007 guidelines of the Chinese Society of Respiratory Disease, 17 their clinical condition was stable at the time of inclusion, there was no history of bronchial asthma, a test for bronchiectasis was negative, no oral glucocorticoid treatment had been taken within the previous three months, and a computer with Internet access was available in the home. All subjects were familiar with logging onto the Internet, navigating their way to a website, and using a computer mouse, and were able to watch an instruction video and graph on the computer screen and listen to an instructional audio with relaxing music. Exclusion criteria were malignancy, cardiac failure, distal arteriopathy, and severe endocrine, hepatic, or renal disease. Written informed consent was obtained from each study participant. Of 72 patients identified initially, 60 were deemed to be eligible for inclusion in the study.
Study design
We used the formula for two-sample comparison of m e a n s t o c a l c u l a t e t h e r e q u i r e d s a m p l e s i z e : 18 where n 1 and n 2 are the sample size required for two groups, δ = µ 1 -µ 2 , δ is the difference between the means, µ 1 and µ 2 are based on data The structures were the same as the first stage
Functions were the same as the first stage, but patients could select 6-10 breaths/min by clicking on "Select breathing times" Deep inhale-holding-slow exhale part guided patients to inhale, the horizontal part guided them to hold, and the descending part guided them to exhale. The ratio of the three parts was 1:1:2 2. Patients could select 6-8 breaths/min global exercise Video Video: the details described in Table 2 The video included eight steps of global exercises from a similar rehabilitation program reported by SuQin, 19 and σ is the standard deviation. Using pulmonary function calculations, we estimated that 25 patients would be needed in each study group to detect a clinically important change in pulmonary function with a power of 80% and α = 0.05. Assuming a dropout rate of 15%, 20 the total sample size increased to 30. This sample size would also allow us to detect a difference in six-minute walking distance and St George's Respiratory Questionnaire (SGRQ) scores between the two groups with a power of 95% at a significance level of 5%, assuming a dropout rate of 15%.
Subjects were prospectively randomized 1:1 to a dyspnea breathing group or to a control group. Randomization was performed by sealed opaque envelope. Participants in the two study groups were matched for age, gender, body composition, smoking history, pulmonary function, exercise capacity, and health-related quality of life at baseline (see Table 1 ). Medical treatment prior to enrolment included inhaled salbutamol, ipratropium bromide, and budesonide for patients in both groups, and remained unchanged during the study. Patients in the online dyspnea breathing group undertook a home-based video rehabilitation program comprising four stages of diagrammatic breathing exercises, as demonstrated in Table 2 (showing stage, structure, components, and function) and 1. Sit or stand, make fists and go up at the shoulders level, return to the initial position later, take a deep breath while going up, blow slowly with whistle while going down 2. Make a selection from 6 through 10 breaths/min by clicking on "select breathing times." The other guidance is the same as the fourth point of the first stage Deep inhale-holdingslow exhale Select one number from 6 through 8 breaths/min by clicking on "select breathing times". inhale deeply through your nose while the line is elevating, holding breath while it is horizontal, exhale slowly through your mouth while it is descending The other guidance is the same as the fourth point of the first stage global exercise
1. There are eight steps in the global exercise: a. Calm breathing b. inhale while standing, exhale while leaning forward c. Raise left and right hands alternately while taking a deep breath through your nose, put hands slightly at your abdomen and blow slowly with whistle d. Move arms out to side at shoulder height while taking deep breath through your nose, put hands back to your side while blowing slowly with whistle e. Raise both hands over head while inhaling deeply through your nose, place your hands slightly at your abdomen and blow slowly with whistle f. Place hands at shoulder height in front of you while taking a deep breath through your nose, then place your hands on your abdomen slightly while exhaling slowly with whistle g. inhale while holding head, exhale while rotating your head h. inhale while raising both arms, exhale while squatting 2. Make a selection from 6 through 10 breaths/min by clicking on "select breathing times". The other guidance is the same as the fourth point of the first stage for one month. Patients in the control group were instructed on the importance of exercise in the same way as the online program but instead by a respiratory nurse at discharge from the hospital. Handouts with pictures of breathing exercises were given to the controls, with advice to perform these exercises for four months.
Dyspnea breathing program
The breathing program for dyspnea (Figures 1-3 ) consisted of several elements:
• Patients were instructed to follow the link to the dyspnea breathing program website (http://hljnsys.ycmc.edu. cn/test/user/UserStep4.aspx), sign-in with his or her account, perform the breathing exercises while watching the video and animated diagrams, click the text, receive audio instruction, select relaxing music, contact medical staff and other patients by clicking "Contact Us" in the website, and sign out from the website.
• The program included four stages, ie, pursed-lip breathing, 21, 22 inhaling deeply and exhaling slowly while making a fist, 23 inhaling deeply, holding slowly, and exhaling, 24 and general exercise, 23, 25, 26 as shown in Tables 2 and 3 . The breathing times were selected by the participants according to their level of exercise tolerance.
• The online rehabilitation program was tailored to exercise tolerance on an individualized basis. This was implemented by clicking on "select breathing times" (in the first and second month) and "holding time" (in the fourth month) according to breath retention ability.
• Exercise duration and breathing times were recorded by the online program, so that the patients, their significant others, and nurses could review their progress by clicking on "history record". Patients who had not logging onto the online program regularly would receive a reminder by telephone from the respiratory nurse.
Outcome measures
Patients in each study group provided outcome data at baseline and at the end of the four-month study period. The respiratory nurses who collected the study data were blinded to patient treatment allocation, as were the data investigators until the analysis was deemed to be complete. 
Pulmonary function tests
All patients underwent pulmonary function testing 27 before and after the intervention using the MasterScreen™ diagnostic system (E Jaeger GmbH, Würzburg, Germany). The pulmonary function tests included forced vital capacity (FVC), the ratio of forced expiratory volume in one second (FEV 1 )/FVC, and peak expiratory flow.
Exercise capacity test
Patients in both study groups performed the six-minute walking distance test 28 along a 30 m horizontal corridor in the hospital. Each patient received standardized instructions and encouragement to walk up and down the corridor as many times as possible during the allotted time. 29 At baseline, the patients performed the test three times to avoid learning effects, with 30 minutes of rest between each test. We used data from the best of three tests, and considered a difference in walking distance of $54 m as important. 30 
Score of health-related quality of life
The SGRQ is a 76-item disease-specific respiratory questionnaire measuring health-related quality of life in three domains, ie, symptoms (distress due to respiratory symptoms), activities (effects of impaired mobility), and impact (psychosocial effects of the disease), and provides a total summary score. 31 Scores range from 0 (no impairment) to 100 (maximal impairment) for each subscale and for the total score. Lower scores indicate better health status, and a change of four points in total score (from a possible 100) is considered clinically meaningful. 32 
Statistical analysis
The data were analyzed using Statistical Package for Social Sciences version 16.0 software (SPSS Inc, Chicago, IL, submit your manuscript | www.dovepress.com Dovepress Dovepress USA). The results are expressed as the mean ± standard deviation. The number of participants, gender, and smoking history were compared between the two groups using Chi-square and Fisher's Exact tests, and other baseline characteristics were compared using the independent t-test. The impact of treatment on pulmonary function, six-minute walking distance test, and SGRQ was evaluated using repeated-measures analysis of variance. P , 0.05 was considered to be statistically significant, and the approach was two-sided.
Results Baseline
This randomized trial included 60 subjects with a diagnosis of stable COPD and were recruited between December 2009 and October 2011. The 30 subjects allocated to the breathing program for dyspnea included 19 with stage II disease and 11 with stage III disease. 33 One patient allocated to the online breathing program for dyspnea died, leaving 29 patients who completed the study. The 30 subjects allocated to the control group included 17 with stage II disease and 13 with stage III disease. One of the control subjects dropped out of the study because of an acute exacerbation, and another died, leaving 28 who completed the study. The demographic and clinical characteristics of the subjects in the two study groups were comparable at baseline (Table 1) . A significant difference in patient adherence was found between the study groups. Twenty-five patients in the dyspnea breathing group practiced regularly using the online program according to the history record, whereas only 14 patients in the control group reported having practiced regularly.
Significant differences were found in FVC, FEV 1 , FVC (% predicted), FEV 1 /FVC (%), and peak expiratory flow (Table 4) pulmonary function, six-minute walking distance test, and SGRQ, with increases of 0.6, 0.5, 5.6, 7.5, and 8.5, respectively (P , 0.05) in the group allocated to the breathing program for dyspnea. Although the control group showed improvements in all domains of pulmonary function, these were not statistically significant. During the rehabilitation phase, the six-minute walking distance increased by 74.6 m in the dyspnea breathing group and decreased by 5.8 m in the control group (Table 5) ; this difference was statistically significant (P , 0.05).
The effect of the online dyspnea breathing program on health-related quality of life was assessed using the SGRQ. The two groups were comparable at baseline on the measures of this questionnaire, ie, impact, activity, symptoms, and total score. There was a statistically significant change in these measures in the dyspnea breathing program group (P , 0.05) and no change in the control group (P . 0.05, Tables 1 and 4) . submit your manuscript | www.dovepress.com
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Discussion
Regular exercise has been shown to reduce the most disabling symptoms in individuals with COPD. The long-term effectiveness of exercise interventions requires adherence on the part of the patient, which often deteriorates as a result of shortness of breath and dizziness on exercise. Therefore, successful breathing in patients with dyspnea involves maintenance of an exercise program. At the end of this study, FVC, FEV 1 /FVC, peak expiratory flow, sixminute walking distance test, and all domains on the SGRQ as well as the total score showed significant improvement in patients who performed four months of breathing exercises using the online dyspnea program, while no improvement was observed in controls.
There are several possible reasons for the above differences in outcome between patients allocated to the online dyspnea training program and the controls. The synchronous exercise video demonstrated by a respiratory nurse, written instructional text, and audio guidance provided patients with an opportunity to access instructions at any time. The online dyspnea program was beneficial for improving breathing technique by inclusion of pursed-lip breathing, deep inhaling and slow blowing while making a fist, deep inhaling-slow holding-slow exhaling, and global exercise at the beginning of the study, because there was a coach "on the spot" at all times. In this way, the patients could be trained in use of appropriate breathing techniques. Further, the animated diagram guided the patients in practicing breathing patterns designed for patients with stable COPD, making it easy for them to control the depth and frequency of their breathing by following the motion diagram. However, the control patients were not instructed in breathing techniques after discharge in an ongoing way, so it was inevitable that some of them would forget these techniques, making it hard for them to initiate and maintain their exercise program. This could be a reason why some of the control patients abandoned their home-based breathing exercises.
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Abbreviations: DBg, dyspnea breathing group; Cg, control group; 6MWDT, 6-min walk distance test. cise program. Because the participants allocated to the online training program for dyspnea had the opportunity to control their breathing frequency and duration of breathholding themselves, rather than this being done by a nurse, a greater training load was achieved during the online program, and was associated with better compliance, resulting in less dyspnea during exercise. In contrast, the controls were instructed by a respiratory nurse on how to perform breathing exercises, and the recommended breathing frequencies and breath-holding times were not always appropriate. Therefore, some patients became fearful about shortness of breath or dizziness, and their adherence with exercise diminished. Using the online program, the respiratory nurse and patients' significant others could also access and review the "history of exercise", so patients perceived that they were under the supervision of the hospital and family. According to the policy at No 1 Yancheng Hospital, following a hospitalbased dyspnea breathing program, patients are given advice on home exercise at discharge, but very few are provided with any further supervised exercise training. Therefore, patients receiving conventional instruction on breathing exercises are likely to lose motivation after being discharged from hospital. In contrast, in our online intervention group, the convenience of being able to record individualized training results might assist patients to have a sense of accomplishment, such that the perceived benefits would outweigh the barriers to longterm exercise from the patient's point of view.
The online program included 100 classical Chinese music pieces for relaxation which patients could select from, which helped to make exercise sessions a pleasurable experience and be beneficial for patients committing to long-term exercise. 36 Inclusion of music could also help to alleviate the monotony of exercise and enhance adherence with treatment, whereas doing breathing exercises without music for a long time may lead to boredom and a reluctance to continue.
The breathing program for dyspnea allows for a synchronous communication by clicking the "contact nurse and companions," who are always available online so that individuals can exchange information, provide mutual support, and search for useful services at their convenience.
Nowadays, e-health is becoming increasingly popular. Kroeze et al have reported a systematic review of randomized trials investigating computer-tailored interventions to promote physical activity. They identified 30 studies including adult participants, and concluded that there was little evidence of efficacy for computer-based interventions. Lack of person-to-person contact was considered to be the main reason for the failure of these interventions. 37 
Conclusion
The results of this controlled study indicate that a four-month online intervention of home-based exercise rehabilitation achieves a clinically significant increase in pulmonary function, exercise tolerance, and quality of life in patients with COPD. However, because of insufficient funding support, this study did not include an investigation of whether the online exercise training program improved arterial blood gases, reduced the frequency of exacerbations, or reduced hospital admissions in patients with COPD. Clearly, this research needs repeating in a larger study population to clarify these questions. Further, we were not able to perform a repeated-measures analysis to compare the effects of the online intervention month by month because of lack of resources to fund pulmonary function tests. The value of such research would be enhanced if it could be subsidized by other organizations or funded by government.
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